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We show that R-parity violating decay of Wino dark matter of mass about 3 TeV can naturally account
for the ﬂux and spectral shape of the cosmic-ray electrons and positrons observed by the PAMELA and
Fermi satellites. To provide a theoretical basis for the scenario, we present a model in which trilinear
R-parity breaking appears with a coeﬃcient suppressed by powers of the gravitino mass, which naturally
leads to the Wino lifetime of O (1026) seconds.
© 2009 Elsevier B.V. Open access under CC BY license. 1. Introduction
The lightest supersymmetry (SUSY) particle called as LSP in the
SUSY standard model (SSM) is known as a good candidate for dark
matter (DM) in the Universe if its mass is O (100) GeV–O (1) TeV.
The stability of the LSP can be guaranteed by assuming an exact
R-parity. However, the R-parity may not necessarily be an exact
symmetry. In fact, the LSP can still account for DM as long as R-
parity breaking terms are suﬃciently small and the lifetime of the
LSP is much longer than the present age of the Universe. If this
is the case, the decay of DM may give rise to some excesses in
cosmic rays.
Much attention was recently attracted to the anomalies in
cosmic-ray electron/positron ﬂuxes observed by PAMELA [1] and
ATIC [2], and decaying LSP scenarios were extensively discussed
in this context [3–5].1 Most of the proposals assume bilinear R-
parity breaking terms such as LHu , since they are the lowest-
dimensional R-parity breaking operators which most likely dom-
inate the R-parity breaking effects at low energies. However, the
bilinear R-parity breaking terms induce DM decays into quarks
and hence could produce a tension with the observed gamma-
ray and antiproton ﬂuxes (see e.g. Ref. [7]). Therefore, it would
help to avoid the conﬂict if DM decays dominantly through the
next lowest-dimensional operators such as e¯LL [5,8,9,7]. However,
it seems very unnatural to consider the second lowest-dimensional
operators, suppressing the lowest dimensional bilinear operators.
In addition, even if the trilinear term dominates over the bilinear
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Open access under CC BY license. one, the magnitude of the R-parity breaking should be extremely
small, especially in the case of neutralino LSP. No rigorous expla-
nation for the smallness was known, and the size of the R-parity
violation was treated as a free parameter.
Very recently, the Fermi Collaboration has released data on the
electron/positron ﬂuxes from 20 GeV up to 1 TeV [10]; the spec-
trum falls as E−3.0 without prominent spectral features, and it is
in agreement with the HESS data at E ∼ 1 TeV [11,12].2 The in-
dex of the observed electron/positron spectrum is close to the high
end of theoretically expected value. Moreover, if we combine the
Fermi data for E  1 TeV and the HESS data for E  1 TeV, it looks
that the spectrum becomes softer at energies above 1 TeV. From
this observation, we regard the relatively hard (and almost feature-
less) electron/positron spectrum below 1 TeV reported by Fermi as
an excess with respect to the background. If the electron/positron
spectrum observed by Fermi (as well as the positron fraction ob-
served by PAMELA) is to be explained by the DM decay, the mass
of DM must be about a few TeV. The suggested mass scale is in-
triguingly close to the mass of a Wino LSP required for the thermal
relic to explain the observed DM abundance.
In this Letter we present a model that trilinear R-parity break-
ing appears with a coeﬃcient suppressed by powers of the grav-
itino mass. Interestingly, the size of the R-parity breaking is nat-
urally small, and moreover, it leads to the required size of the R-
parity breaking suggested by observation, in the case of the Wino
LSP of mass ∼ 3 TeV. Based on this model, we show that the Fermi
as well as PAMELA data can be simultaneously explained by the
Wino LSP decaying through the trilinear term e¯LL.
2 The Fermi result is not consistent with the excess around E  600 GeV reported
by ATIC. In this Letter we adopt the Fermi result and do not consider the ATIC data.
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The assignment of R-charge and Z3.
Q u¯ d¯ L e¯ Hu Hd N M C0
R 1 1 1 1 1 0 0 1 0 2
Z3 1 1 1 1 1 1 1 1 1 0
2. A model of R-parity breaking
It is known that the superpotential possesses a constant term
C0 to cancel the positive energy density induced by SUSY breaking.
The constant term is equal to the gravitino mass, C0 = m3/2, in
the Planck unit in which the Planck mass MP  2.4 × 1018 GeV is
set to be unity. The constant term breaks the continuous U (1)R
symmetry down to a discrete Z2 symmetry, which is nothing but
the R-parity. A crucial observation is that, if the R-symmetry at
high-energies is not the continuous U (1)R but a discrete Z2k+1
(k = integer), the constant term C0 results in the R-parity breaking
[13]. In this Letter we take k = 2, since, as we will see later, it
leads to the required magnitude of the R-parity breaking operators
to account for the anomalous excess in the cosmic-ray electrons
and positrons.
Let us take the R-charges for the quark and lepton chiral multi-
plets to be 1 and those for the Higgs chiral multiplets Hu and Hd
to be 0. (See Table 1.) Then, the following lepton-number violating
trilinear term is allowed by the Z5R symmetry:
W = κi jk(C0)2e¯i L j Lk, (1)
where κi jk is a numerical coeﬃcient, i, j,k = 1,2,3 denote the
generation, and the summation over the SU(2) gauge indices is un-
derstood. The coupling κi jk must be antisymmetric under exchange
of the last two indices ( j ↔ k) due to the SU(2) gauge invari-
ance. Note that the R-charge of C0 (=m3/2) is 2. We may presume
that the coeﬃcient κi jk takes a larger value for the third (and sec-
ond) generation. Therefore, in the following we focus on κi23 with
i = 1,2,3, which is assumed to be unsuppressed with the other
terms of different combination of ﬂavors being suppressed.
We assume that a Wino LSP accounts for the DM in the Uni-
verse. In order to explain the observed DM abundance, the Wino
mass must be in the range between 2.7 TeV and 3 TeV [14].
The Wino LSP is naturally realized in the anomaly-mediated SUSY
breaking [15]. Then, using the relation between the Wino mass
and the gravitino mass in the anomaly mediation, we ﬁnd that the
gravitino mass should be about 103 TeV. In the presence of the
R-parity breaking (1), the Wino LSP is no longer stable, and de-
cays into neutrinos and charged leptons through the exchange of
a virtual slepton. One of the decay diagrams is shown in Fig. 1.
The decay rate of the Wino LSP through the interaction (1) with
( j,k) = (2,3) is given by [16]
Γ
(
W˜ 0 → τ±νμe∓i , ντμ±e∓i
)
∼ (1027 s)−1|κi23|2
(
m3/2
103 TeV
)4(mW˜ 0
3 TeV
)5( m
˜
5 TeV
)−4
, (2)
where mW˜ 0 denotes the Wino mass, and we have assumed the
common slepton mass, m
˜
, for simplicity. As we will see in the
next section, the lifetime (2) is close to what is needed to explain
the cosmic-ray observation.
Several comments are in order. First, the bilinear term is also
allowed by the Z5R symmetry and takes the following form:
W = (C0)3LHu . (3)
Since the bilinear term is suppressed by an additional factor C0
compared to the trilinear term, the latter becomes much more ef-
fective than what is naively expected based on the dimensionalFig. 1. One of the diagrams representing the Wino decay through the trilinear
R-parity breaking (1).
grounds. It is not trivial, though, if the trilinear term dominates
over the bilinear term as the decay processes of the LSP. Indeed,
the bilinear term (3) can give a comparable contribution to the de-
cay amplitude, unless it is further suppressed by imposing some
symmetry.
Second, there may be R-parity breaking terms at tree level in
the Kähler potential such as
K = C∗20 L†Hd + h.c., (4)
which induces the kinetic mixings between slepton and Higgs bo-
son and between lepton and Higgsino. Thus the decay amplitudes
through this operator (4) is suppressed by either Higgs boson mass
or lepton mass. Therefore we can neglect their effect on the decay.
Note that the above terms also arise at one-loop level due to the
renormalization group evolution through the R-parity breaking tri-
linear terms eLL (or Q dL) and the Yukawa coupling. In this case
the operator is suppressed by a loop factor and the Yukawa cou-
plings. Also, if there is an operator like K = C∗20 |Z |2L†Hd + h.c.
with Z being a SUSY breaking ﬁeld, it give a comparable contribu-
tion to the decay amplitude as (3).
Third, there could be the other trilinear terms including quark
multiplets, u¯d¯d¯ and Q d¯L. As to the u¯d¯d¯ operator, it may have only
negligible effects on the decay processes if the DM is a pure Wino.
On the other hand, the Z5R symmetry alone cannot suppress the
decay into quarks through the Q d¯L term.
We will come back to those issues in Section 4, where we show
that imposing an additional symmetry can suppress the unwanted
terms listed above. For the moment, we simply assume that the
trilinear term (1) gives the dominant contribution to the decay am-
plitude.
3. Cosmic-ray signal from LSP decay
Let us discuss the cosmic ray signals from the LSP decay. Its
decay pattern depends on R-breaking structure and the SSM mass
spectrum. For a demonstration, we consider the case that the
e¯i L2L3 (i = 1,2,3) term dominates the R-breaking and assume that
BF(DM → τ±νμe∓i ) = BF(DM → ντμ±e∓i ) = 0.5. We have used the
constant matrix element in the three-body phase space, for sim-
plicity. The electron and positron energy spectrum is estimated
with the program PYTHIA [17]. For the propagation of the cosmic
ray in the Galaxy, we adopt the same set-up in Ref. [18], based
on Refs. [19,20]. As for the electron and positron background, we
have used the estimation given in Refs. [21,22], with a normaliza-
tion factor kbg = 0.68. In Fig. 2, we show the positron fraction and
the electron and positron total ﬂux. We set that mDM = 3 TeV and
the lifetime is 9 × 1025 s. As can be seen from Fig. 2, the cosmic-
ray signal in the present model can nicely ﬁt the PAMELA data for
i = 1,2,3. On the other hand, the prediction in case of i = 1 fails
to explain the Fermi data due to the presence of hard electrons
produced by the LSP decay, leading to the bump at 1 TeV. The pre-
diction in case of i = 2 gives a very good ﬁt to the Fermi data.
S. Shirai et al. / Physics Letters B 680 (2009) 485–488 487Fig. 2. Cosmic ray signals in the present model. (a) Positron fraction with experimental data [1,23,24]. (b) Positron and electron ﬂuxes with experimental data [10–12,2,25].
The yellow zone shows a systematic error and the dashed line shows the background ﬂux. I, II and III represent the cases that e¯1L2L3, e¯2L2L3 and e¯3L2L3 dominate the
R-breaking, respectively.
Table 2
The assignment of FN charge with 0 a b. The index denotes generation.
103 102 101(Q , u¯) 101(e¯) 5∗3 5∗2 5∗1 H(5) H¯(5∗) 13 12 11
Q FN 1 2 3 4 −2 −2 −2 −2 2 4 4+ a 4+ bConsidering uncertainties in the background estimation as well as
the SSM mass spectrum, however, the case of i = 3 may be able to
give an equally good ﬁt.
4. Discussion and conclusions
Let us discuss several issues raised at the end of Section 2
and possible solutions to them. First of all, the bilinear term like
(3) could induce additional decay processes into lepton and Higgs,
which may result in too many antiprotons. Note that the effective
mixing angle induced by the bilinear term is given by the ratio
of C30 to the Higgs mass or slepton mass. Therefore, if m3/2 is the
same orders of magnitude of the Higgs mass or the slepton mass,
the bilinear term will be as important as the trilinear term.
To make the matter worse, the bilinear term will be enhanced
in the presence of right-handed neutrinos N . This is because, if we
assign the R-charge 1 to N as in Table 1, the following interactions
are allowed by the Z5R symmetry.
W = C30N +
1
2
MNN + yνNLHu, (5)
where M denotes the Majorana right-handed neutrino mass, yν
is the neutrino Yukawa coupling, and we have suppressed the
ﬂavor indices. Since the ﬁrst term is generically present, the right-
handed neutrino will develop a non-vanishing expectation value
of O (C30/M). Then, the neutrino Yukawa coupling induces the bi-
linear term y〈N〉LHu ∼ (C30/M)LHu , which is enhanced by 1/M
compared to (3). Thus, the presence of the right-handed neutrino
of mass lighter than the Planck mass leads to the enhancement of
the bilinear term.
We here give two solutions to the above problems. The ﬁrst
solution is to introduce a Z3 symmetry, under which the SSM par-
ticles and M are charged by an unit charge. (See Table 1.) Namely,
the Z3 symmetry is broken by M 
 1. Then the bilinear term (3) is
suppressed by M , while the ﬁrst term in (5) by M2. Therefore, the
trilinear term (1) will dominate over the bilinear term as a source
of the LSP decay. Note however that the Z3 symmetry cannot for-
bid the other trilinear terms u¯d¯d¯ and Q d¯L, and we may have to
assume that numerical coeﬃcients of these operators are slightly
suppressed.The other solution is to introduce a Froggatt–Nielsen (FN) Z8
symmetry [26]. The FN charge assignment is shown in Table 2,
where we have grouped the SSM particles into the SU(5) mul-
tiplets: 10 = (Q , u¯, e¯), 5∗ = (d¯, L), 1 = N , and the Higgs ﬁelds
H(5) and H¯(5∗). We assume that the ﬂavor structure is gener-
ated by the expectation value of a FN ﬁeld Φ , 〈Φ〉  1/17, with
charge Q FN = −1. What is peculiar about our charge assignment
is that the e¯ in the 101-plet has a charge larger than the other
elements by unity, which explains why the electron has a mass
lighter than the value naively obtained using the grand uniﬁcation
relation. With this charge assignment, the trilinear terms e¯1Li L j
are allowed, while the unwanted terms such as the bilinear term
in the Kähler and super-potentials, the trilinear terms including
quark multiplets, and the linear term of N are so suppressed that
their effects on the decay of the Wino LSP become negligible. No-
tice that the Majorana mass term for N is allowed by the FN Z8
symmetry. It should be kept in mind that the above charge assign-
ment of the FN symmetry is one example, and other choices are
possible.
In this Letter we have presented the R-parity breaking model
in which the trilinear term becomes important and appears with
a coeﬃcient proportional to powers of the gravitino mass. We
have also shown that the Wino LSP decaying through the lepton-
number violating trilinear term (1) can account for the PAMELA
and Fermi data.
There are several non-trivial coincidence in our scenario. First
of all, the change in the power index of the electron/positron spec-
trum suggests the DM of mass a few TeV. This is intriguingly close
to the mass of the thermal relic Wino DM. Assuming the anomaly
mediation, the gravitino mass is determined to be about 103 TeV.
In our model on the R-parity violation, the lifetime of the Wino
LSP is determined by some combination of the Wino mass and
the gravitino mass. Substituting the above values for the Wino
and gravitino masses, we have obtained the lifetime which is sur-
prisingly close to what is needed to account for the cosmic-ray
anomalies. We also note that there is another interesting coinci-
dence arising from an inﬂation model: the WMAP normalization
leads to the gravitino mass of 103 TeV in a new inﬂation model
which is consistent with the Z5R symmetry [27]. Further study
of the prediction of other cosmic rays such as gamma-rays, an-
488 S. Shirai et al. / Physics Letters B 680 (2009) 485–488Fig. 3. Predicted signals of diffuse gamma-ray ﬂux shown together with the
EGRET data [30,31]. We have included the prompt and ﬁnal-state radiation from
the dark matter decay. We set the gamma ray background ﬂux as 5.18 ×
10−7(E/1 GeV)−2.499 GeV−1 cm−2 s−1 sr−1 as in Ref. [32].
tiprotons and neutrinos,3 as well as future observational data, will
enable us to tell whether those are just coincidence or may reﬂect
from the characteristics of DM and the underlying physics beyond
the SM.
We can see from Fig. 2 that the ﬁt to the Fermi data becomes
better if the decay products include the charged leptons in the sec-
ond and third generations, namely, muons and taus. In particular,
if the decay product is dominated by the muon (as in the case II
of Fig. 2), the ﬁt looks pretty good.4 It is actually possible to give
a equally nice ﬁt to the Fermi data, if we properly combine the
contributions from the ﬁrst and third generations. This is indeed
the case if we consider unsuppressed κ313. Such ﬂavor dependence
may be probed by studying the diffuse gamma-ray in detail. For
reference we show in Fig. 3 the predicted diffuse gamma-ray sig-
nals for the cases I, II and III. Including more taus in the ﬁnal states
generically lead to larger signal in the diffuse gamma-ray. We may
be able to untangle the ﬂavor dependence by making use of the
different predictions.
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